Abstract. This paper provides an empirical assessment of the relationship between common European
Introduction
The government bond spreads that countries remunerate for borrowing in financial markets measure not only their costs of additional capital flows but also produce a point of reference on their financial fragility and vulnerability. These features of government borrowing results have provided a great deal of empirical research in policy, business, and academic circles aimed at understanding the determinants.
The determinants of sovereign bond spreads have already been analysed quite broadly, but still there is few analysis related to sovereign bonds issued by Central and Eastern Europe (hereinafter abbreviated CEE). To overcome this deficiency and to contribute to a better comprehension of the development in this region, this study pays attention to the yield differences between long-term CEE bonds and the German government (the so-called German Bund) as the risk-free benchmark. An important consideration of this analysis is on the role of country-specific versus the common European Union factors.
To investigate the issue of country-specific and common factors, the period from January 2004 until December 2014 is analysed, which seems perfectly suited for this purpose. In the beginning of the researched time period, a number of CEE economies were making genuine progress towards improving macroeconomic fundamentals as well as implementing structural reforms. Then CEE governments faced shockwaves emanating largely from advanced economies, notably the 2008 credit crisis that started in the United States or the European sovereign debt crisis. Moreover, looking at the sample period should provide opportunities to gauge any advantage CEE economies might have realised from their policy efforts when faced with large external shockwaves. However, the sample period excludes times when analysed countries suffered homegrown difficulties or crises.
This paper estimates a model using Pooled Mean Group (PMG) techniques to determine the role of internal and external conditions on government bond spreads. This is basically a dynamic error correction model with heterogeneous cross-sectional coefficients in the short-run equations and homogeneous coefficients in the long-run relationship, with different short-run dynamics and adjustment towards the equilibrium. Furthermore, the model points to a set of variables that are important components of the internal and external constraints on government debt obligations. The objective of the paper is to explain the long-run determinants of CEE bond spreads against German government bonds along with some short-run dynamic behaviours.
The rest of the paper is organised as follows: Section 2 reviews the related academic literature on describing the determinants of government bond spreads; Section 3 describes the data employed in the estimation; Section 4 outlines a brief description of the basic theoretical model; Section 5 reports and discusses the estimation results of the model; Section 6 represents the comparison of actual and estimated spreads and finally Section 7 summarizes the main findings and discusses the implications of the overall results for CEE countries.
Related literature review
The empirical analysis examined the relationship between sovereign bond spreads and macroeconomic indicators, and the market perception of countries' risk of default on sovereign debt goes back to Edward (1984) research. Due to his implication, investor evaluation of a debtor country's creditworthiness depends on a set of domestic, international, macroeconomic, fiscal, and financial factors.
Further analysis finds some empirical regularities, especially in the case of specific countries or regions and for certain time perspectives, and they, by no means, settle the debate about significant determinants of sovereign bond spreads. The European sovereign debt crisis has clearly increased the interest in this subject.
For the purposes of this research, two paths of the literature related to empirical models of European government bond spreads are represented. The first one focuses on the research of euro area government bond markets, while the second one focuses on emerging markets with certain points of the new EU countries.
In reference to the European Union bond market, most studies noted that spread dynamics is driven by two main components: common (global) risk among European Union countries and country-specific risk (taking into account liquidity risk). In some studies, credit risk components of spreads are usually associated with the country's internal macroeconomic and fiscal fundamentals. Conversely, the liquidity components are affiliated with international financial conditions along with describing investor risk preferences.
Several papers have analysed the effect of an international risk factor on government bond yield spreads. The role of common risk of European Union aversion is usually evaluated by some index of equity market volatility. Codogno et al. (2003) , Favero et al. (2010) find that changes in external conditions acquire a higher value for countries with high government debt ratios. Haugh et al. (2009) summarizes that it extends the effect of the debt service ratio on bond yields.
According to Barrios et al. (2009) , Manganelli and Wolswijk (2009) , Sgherri and Zoli (2009) , Baldacci and Kumar (2010) , Gerlach et al. (2010) , and von Hagen et al. (2011) the explanatory role of international factors for spread changes has risen since 2008. Markets try to reprice global risk and take preferences to more liquid and safe government bond markets (i.e., US Government Bonds or German Bunds). As a result, the differentials of risk premium broaden among the EMU countries. Beber et al. (2009) and Favero et al. (2010) found that the level of the aggregated risk factors also has a considerable influence on the effect of liquidity on government bonds. Regarding this, Obstfeld (2014) emphasizes that financial market globalisation has likely weakened the abilities of countries to moderate the domestic impact on financial and monetary forces. However, Baldacci and Kumar (2010) concluded that greater integration of government bond markets to the international market and a faster globalisation process allows more efficient pricing of sovereign risk and better facilitated price discovery.
The analysis of the spillover effect and financial contagion as well as the increasing co-movement of financial markets among European countries has been the subject of a large number of studies. According to the findings of Caceres et al. (2010), and De Grauwe et al. (201) financial contagion has increased during the current European debt crises and market volatility has spread from GIPSI economies to the European periphery. Moreover, the authors also detected evidence that financial markets have become more sensitive to a country's economic fundamentals during the crisis as compared to the pre-crisis period. Beirne at al. (2013) concluded that most of the level of sovereign risk and the rise during the crisis period usually can be explained by a country's own economic fundamentals and its underlying fundamental contagion, while regional contagion explains a much more modest magnitude of sovereign risk. Based on studies by Giordano M. et al. (2013), and Favero (2013) , the increased unexplainable part of bond spread dynamics since 2010 could be related to the appearance of a new systemic risk, i.e., the risk of a euro break-up, that is, the risk that one or more countries might exit from the EMU.
A range of previous papers has focused on the determinants of the pricing of sovereign risk. An early study of the factors driving government bond spreads was carried out by Edwards (1984) , who concluded that domestic macroeconomic fundamentals were significant determinants, including factors, such as the public debt, the current account balance, inflation, and foreign reserves. Subsequent studies tended to concentrate on government bond yield spreads as the reference measure for sovereign risk, and also on analysing sovereign risk in emerging economies. According to Faini (2006) , Hallerberg and Wolff (2008) , Haugh (2009), and Bernoth et al. (2012) the budget balance and the stock of government debt have, on average, a significant influence on sovereign bond spreads. However, Costantini et al. (2014) noted that in the period from 2001 to 2012 government debt level was the most significant determinant of the sovereign spreads among euro area countries in the long-run, while the budget balance had the least impact. More accurately, investors carefully observe and assess the deterioration of expected debt positions of those economies exhibiting gaps in competitiveness on the mid or long term perspective. Nevertheless, based on the Battistini et al. (2013) study, the effect of common risk factors were not only different in magnitude but also had opposite effects on bond spreads.
Similarly, Csontó (2014) summarized that idiosyncratic fundamentals were significant determinants of sovereign bond spreads under normal market conditions, but during times of market stress, global financial conditions compound their impact. Csontó (2014) also noted that stronger domestic fundamentals could encourage reduction on the influence of an adverse global shockwave on international sovereign spreads. Moreover, J. von Hagen et al. (2011) found that bond yield spreads in the euro area before and during the last financial crisis can be largely explained by fundamentals, but the market has assessed fiscal imbalances as a much riskier dimension since the collapse of Lehman Brothers in September 2008. By contrast, Caceres et al (2010) noted that in the beginning of the crisis, the growth in global risk aversion was a significant factor for changes of the euro area sovereign spreads, while subsequently country-specific factors became more significant for investors. Moreover, Ebner (2009) concluded that the importance and the weight of influence of country-specific factors varies across countries but external risk aversion is the single most important explanatory factor of spreads.
To capture the liquidity risk component M. Costantini (2014) , Barrios et al. (2009), Sgherri and Zoli (2009) used the bid-ask spread on ten-year sovereign bonds as the liquidity risk measurement indicator and concluded that liquidity risk has important weights on sovereign spreads changes.
Based on the study of J. von Hagen et al. (2012) , at the beginning of the European Monetary Union market the liquidity premiums in the euro area were reduced (i.e., quite low) and investors paid less attention to deficit and debt service payments as the indicator of fiscal soundness. During the financial crisis, the cost of loose fiscal policy rose considerably resulting in market discipline becoming stronger. It should be noted that they released the German position with the finance crisis, i.e., this economy gained a safe-haven status in international financial markets -a position it did not hold before. Consistent with L. Pozzi et al. (2012 ) J. von Hagen et al. (2011 ), Pagano et al. (2004 , and Favero et al. (2005) , liquidity risk also played a role in driving spreads in the euro area, especially after the introduction of the euro, and further weakened with time. Moreover, Codogno et al. (2003) and Sgherri and Zoli (2009) noted that the liquidity risk component clarified exclusively a small part of sovereign spread changes.
However, both in academic debates and in the context of policy-making, no clear consensus has arisen due to liquidity risk evaluation. Barrios et al. (2009 ), Beber et al. (2009 ), Haugh et al. (2009 , Manganelli and Wolswijk (2009), Favero et al. (2010) , found that the liquidity factor is quite important in describing the euro area sovereign spreads. With respect to international risk aversion, Attinasi et al. (2010) showed that this factor significantly helped to explain the variation of sovereign bond spreads during the financial crisis.
There is very little systematic evidence to date regarding the determinants of Central and Eastern European Countries (CEE) bonds. Among current studies, Luengnaruemitchai and Schadler (2007) analysed whether or not investors underestimated the riskiness of holding sovereign bonds issued by CEE compared with other emerging markets sovereign bonds. They noted that for CEE the residuals were systematically negative during the period from mid-2002 to the end of 2006. This indicates that before the global financial turbulence, market participants were systematically requiring lower yields to hold CEE sovereign bonds than those determined by the econometric analysis.
The most important single-country time series study for European transition economies was performed by Ebner (2009) , who concluded that the external risk aversion, captured in this case by market volatility, as opposed to macroeconomic variables, was more important in explaining spreads. Moreover, similarly to the Ebner (2009) study, Nickel et al (2009) analysis concluded that variables, that are traditionally used as determinants of bond spreads in the euro area, appeared to explain much less when applied to CEE. However, both papers used pre-crisis data. Accordingly, this paper adds to the existing work by attempting to quantify how the pricing of risk in CEE by market participants has been altered by the crisis.
A significant function in explaining bond spreads is sometimes chalked up to political factors as in the analysis by Baldacci et al. (2008) . A panel of 30 emerging market economies (including some CEE countries) concluded that, apart from macroeconomic policies, liquidity, and the degree of financial deepening, the interaction between fiscal and political factors were the most important determinants of country risk premium.
This study contributes to the literature in several ways. Firstly, it tries to assess similarities by the few existing CEE studies held in recent years in crises conditions. Secondly, it looks at whether there is a common driving factor that could implement the findings of EM and EMU studies carried out so far.
Variables used for estimation
The empirical estimation is performed for nine new EU member states from last expansion, i.e., Lithuania, Latvia, Poland, Slovakia, Czech Republic, Slovenia, Bulgaria, Hungary and Romania. Due to low debt level and different debt structure, Estonia is not included in the analysis. The main reason for Croatia exclusion is the lack of statistical information. The panel dataset contains quarterly data of the nine mentioned countries during the period of 2004:1-2014:12. Appendix 1 contains the description of the whole dataset, i.e., each indicator descriptive statistics as well as skewness and kurtosis information. Moreover, the pair wise correlation results are given in the Appendix 2.
deepening, the interaction between fiscal and political factors were the most important determinants of country risk premium.
This study contributes to the literature in several ways. Firstly, it tries to assess similarities by the few existing CEE studies held in recent years in crises conditions. Secondly, whether there is a common driving factor that could implement the findings of EM and EMU studies carried out so far.
The empirical estimation is performed for nine new EU member states from last expansion, i.e. The data presented in the Figure 1 shows the changes of long-term government bond yields for nine CEE countries relative to Germany over the period of January 2004 to December 2014.
Noted that apart from Poland, the bond markets of particular CEE countries are relatively small in the international context. However, pooling them together creates the fifth largest government bond market in continental Europe. In general, the bond markets of particular CEE countries that are analysing, although to a different degree, had a sufficiently stable trend of long-term government bond yields from 2004 to mid-2007. The main pillar of such development may be related to the affirmative international liquidity conditions herewith low investors' risk aversion as well as the favourable and effective economic development at domestic level.
From the middle of 2007, the long-term government bond yields of CEE countries started increasing and particularly accelerated from the second half of 2008. Moreover, some countries like Lithuania, Latvia, Romania and Hungary achieved their historical maximum levels. While these countries faced a significant enlargement in borrowing costs, the yields of Germany of the long-term government bond began to steadily fall. Furthermore, Slovenia, Slovakia, Czech Republic and Poland can be singled out as a separate group from the other analysed countries because during the financial turmoil period their yields remained sufficiently stable. In the mid-2013, the long-term government bond yields experienced a downward trend for all CEE countries.
The dependent variable (y it ) is given by quarterly average spreads computed from quarterly yield (aggregated form monthly data) on harmonised long-term government bond relative to the long-term Germany Bund yield. In detail, bond spreads are estimated as the difference between the yield to maturity 1 of a certain CEE country 10-year government bond and the yield to maturity of the respective 10-year German government bond.
where z = CEE government bond yield and z * = German government bond yield Germany was chosen as the benchmark country because the Bund is considered the benchmark bond in the respective bond market (for details see Dunne et al. (2007) and Constantini (2014) ). In other words, the return on a risky bond equals the return on a riskless bond plus a risk premium. In the remainder of the paper, subscript i refers to the cross-sectional dimension (country) and subscript t refers to the time dimension (month).
The explanatory variables that are involved in the analysis of CEE bond spreads were selected based on the convergence criteria, which are required for all European Union member states and on the existing literature on spread determinants as already mentioned above. Whereas the outlook of this paper is mostly empirical, variables for which available data exist and are easily obtainable is taken into account.
The explanatory variables are divided into two groups according to their probability of explaining country differences in country-specific fundamentals (X it ), such as fiscal and external conditions, nominal convergence, economy openness and money market conditions, and global factors that are expressed as a common factor (C it ) related to the financial market conditions in the European Union.
The pair wise correlation is used for the primary analysis to determine the contemporaneous relationship between spreads and their prospective determinants (see in Appendix 2). The correlation matrices focus attention on the heterogeneity of particular country sensitivity to country-specific fundamentals and the common factors. According to such attributes, the PMG model in the short-run should assess the heterogeneous adjustment to the equilibrium levels.
More precisely, the empirical analysis involving the following country-specific variables and common factors as explanatory variables is summarised in the following table.
TABLE 1. Predicted impact of independent variables on spreads

Indicators
Predicted impact on spread Explanation of indicators
Country-specific variables Debt-to-GDP ratio + The ratio of a country's national debt to its gross domestic product; Government budget balance
−
The ratios of a country's government budget balance to its gross domestic product; Government debt service measure
+
The ratio between a country's outstanding amount of general government interest payments on public debt to its gross domestic product; Fiscal space measure − The ratio of a country's national debt to its total tax revenues; Trade openness − The ratio between sum of a country's imports and exports to its gross domestic product; Inflation rate + The measure the changes in prices of consumer goods and services acquired, used or paid for by households; GNI per capita − The gross national income divided by the midyear population (in euro); Market liquidity measure − The difference between a country's domestic short-term money market rates and 3-months euro area money market rates (EURIBOR); Common variable Volatility index − Volatility in the euro area equity market measured by EURO STOXX 50 volatility index
Source: author's calculations
As a measure of a country's fiscal balance sustainability and creditworthiness, the ratios of government budget balance to GDP and ratio of debt to GDP were chosen. These two fiscal variables correspond to the main sources of information for investors to explain expectations on a country's fiscal position and the association to the default risk. According to Ferrucci (2003 ), J. von Hagen (2011 ), and Ebner (2009 , these two indicators are expected to have a strong relationship on spreads. If the country gets closer to the bottom limit set through the Stability and Growth Pact, it casts doubt of the probability of the non-fulfilled country's debt commitments and increases the risk of default on sovereign debt. In regard to Akitoby et al. (2008), and Alexopoulou et al. (2009) , and as pairwise correlations at the country level show there are highly negative correlations with the fiscal balance-to-GDP ratio for Lithuania and Slovenia and a strong positive relationship between spreads and the government debt-to-GDP ratio for Bulgaria, Hungary, Latvia, Poland, Slovakia, and Slovenia.
The measure to assess liquidity influence on yield differentials is government debt service indicator, expressed as the ratio between the outstanding amount of general government interest payments on public debt and GDP. Alexopoulou et al. (2009) presumed that markets should make an immediate response to changes in interest payments made on public debt, rather than to changes in the principal. Strong and positive pairwise correlation results are a confirmation of such relationship, especially in the case of Czech Republic, Hungary, Latvia, and Slovenia.
Following Aizenman et al. (2012) and De Grauwe and Ji (2012), other alternative measures of a country's fiscal fragility is fiscal space defined as the ratio of debt-to-total tax revenues. This measure of debt sustainability takes into account the government's ability to raise taxes, i.e., a country with low debt can encounter difficulties in meeting debt service obligations just like a country with massive debt if it takes a long time to generate the revenues necessary to make debt payments. The strong negative pairwise correlation results confirm this explanation for all analysed countries except Lithuania and Romania.
The degree of openness to trade and financial flows is used to analyse the impact of countries' external solvency to spread differentials. In this analysis, the trade openness is calculated as the ratio between sum of imports and exports and GDP. As Ferrucci (2003) noted, a low degree of openness can encourage that the required expected trade surpluses to meet future foreign debt repayments may not materialize. Moreover, country openness is significant in explaining the emerging economies' cost of borrowing as the punishment for sovereign default and there is a higher, in terms of capital, reversion in an open rather than a closed economy. The supposed negative relationship of pairwise correlation is determined for Lithuania, Poland, Slovakia, and Slovenia.
One more country-specific indicator included in the other explanatory variables is the actual realised inflation rates. As Constantini et al. (2014) noted, even negligible differences in inflation rates can make changes in relative price levels, either taking into account bond prices. Furthermore, the authors emphasize that cumulated inflation differentials have persistently diverged among EMU countries form the initiation of the monetary union. Theses persistent inflation differentials were analysed by Estrada et al. (2012) and concluded that such benign phenomenon can be influenced by a structural convergence process according to a Balassa-Samuelson type of argument and the source of enduring and damaging losses of competitiveness. Consequently, the increase in the inflation rate should put upward pressure on government bond yields. Whenever the rise in inflation is perceived by investors as having a structural rather than transitory source, higher inflation may well coexist with lower long-term interest rate differentials (Alexopoulou et al. (2009) ).
The gross national income per capita was included in the calculation for the purpose of evaluating the influence of real convergence, i.e., the process to get closer to the euro area living standards that have characterized the period of the CEE countries since joining the European Union. According to Alexopoulou et al. (2009) , it is supposed that spreads tighten in the context of improved real convergence. The negative sign of correlation is determined for all analysed countries except Romania and Poland.
The difference between domestic short-term money market rates and euro area shortterm money market rates (Euribor) is used as the indicator to assess money market conditions as well as the measure of domestic money market liquidity. Precisely, Euribor is the average interest rate at which a selection of banks provide one another with shortterm loans in euros. From Euribor rates for 8 maturities, ranging between 1 week to 12 months (until November 1st 2013 there were 15 Euribor rates), in this analysis the 3 months EURIBOR rate is chosen. Furthermore, the overnight rate (maturity of 1 day) for CEE countries that are members of euro area is taken as Eonia interest rate (these data was provided by European Money Markets Institute).
The difference between these two indicators should be small when the market is liquid but it tends to get larger in absolute terms when market participants start nervous or more risk averse as during the current subprime crisis. Such conditions determine a deterioration of liquidity conditions and this may negatively affect the corresponding spreads. In addition, Koukouritakis and Michelis (2008) through analysis of the expectations theory, specify that long-term government bond yields of the new EU countries can be expressed as a function of short-term rates. According to pairwise correlation results, the positive relationship is measures for Romania, Slovakia and Slovenia.
The analysed literature considers the international risk aversion as one determinant of sovereign bond yield spreads. Thus, in this analysis as the common European Union factor is included the market are volatility index (VIX) as the variable capturing market sentiment to risk. Attinasi et al. (2010) finds that the stationarity of the time-varying degree of international risk aversion indicates the influence for short-run variations (even in the financial crisis terms) in sovereign yield spreads but no fluctuation for long-run period. Overall, higher volatility of VIX leads to wider government spreads. Empirically, the pairwise correlation confirms a positive relationship for Bulgaria, Czech Republic, Hungary, Latvia, Lithuania, Poland, and Romania.
Model descriptive
In order to assess the yield of CEE countries compared to equivalent bonds issued by the euro area union member states, a model is needed that is accommodating enough to involve the adjustment trend to equilibrium values from medium to long-run (that can be identified as convergence process ) and heterogeneous short-run dynamics at countrylevel. Thus, yield differentials calculated as the difference from the euro area average and are explained by their own lags as well as by the lags of domestic fundamentals and a global, i.e., the European Union common factor.
Due to the tendency that European Union countries hold their economies to the same financial standards (via convergence process), increasing regional cooperation, trade and technology transfer, most of the EU countries assimilate in the long-run. However, idiosyncratic factors influence short-run heterogeneity among them. A potentially better solution to deal with this situation is to investigate a panel framework and allow shortrun heterogeneity in conjunction with long-run homogeneity.
In the analysed literature, there are number of dynamic panel techniques, but for purposes of the paper, the pooled mean group estimator (PMG) developed by Pesaran, Shin and Smith (1999a) seems to be the most eligible approach. PMG is an intermediate procedure that constrains the long-run coefficients to be the sufficiently homogeneous but the short-run coefficients and error variance can vary across countries (Pesaran et al., 1999a) . Moreover, pooling data allows to provide more variability, less collinearity, more degree of freedom and more efficiency (more analysis about the gains of using panel data see Baltagi (2013) . According to Csonto (2014) , particular country regressions are inclined to underestimate the role of fundamentals in explaining spreads, while the PMG estimator allows for the variation in time of country -specific fundamentals, which is usually much lower than that of sovereign spreads.
The starting point to describe the model of this empirical analysis for the determinants of sovereign yields spreads is the autoregressive distributive lag ARDL(p, q 1 ...q n ) dynamic panel specification:
influance for short-run variations (even in the financial crisis terms) in sovereign yield spreads but no fluctuation for long-run period. Overall, higher volatility of VIX leads to wider government spreads.
Empirically, the pairwise correlation confirms a positive relationship for Bulgaria, Czech Republic, Hungary, Latvia, Lithuania, Poland, and Romania.
In order to assess the yield of CEE countries compared to equivalent bonds issued by the euro area union member states a model is needed that is accommodating enough to involve the adjustment trend to equilibrium values from medium to long-run (that can be indentify as convergence process ) and heterogeneous short-run dynamics at country-level. Thus, yield differentials calculated as the difference from the euro area average and are explained their own lags as well as by the lags of domestic fundamentals and a global, i.e., European Union common factor.
Due to the tendency that European Union countries hold their economies to the same financial standards (via convergence process), increasing regional cooperation, trade and technology transfer, most of EU countries assimilate in long-run. However, idiosyncratic factors influence short-run heterogeneity among them. A potentially better solution to deal with this situation is to investigate a panel framework and allow short-run heterogeneity in conjunction with long-run homogeneity.
In the analysed literature, there are number of dynamic panel techniques, but for purposes of the paper the pooled mean group estimator (PMG) developed by Pesaran, Shin and Smith (1999a) seems to be the most eligible approach. PMG is an intermeadiate procedure that constrains the long-run coefficients to be the sufficiently homogenious but the short-run coefficients and error variance can vary across countries (Pesaran et al., 1999a) . Moreover, pooling data let provide more variability, less collinearity, more degree of freedom and more efficiency (more analysis about the gains of using panel data see Baltagi (2013) . According to Csonto (2014) , particular country regressions are inclined to underestimate the role of fundamentals in explaining spreads, while the PMG estimator allows for the variation in time of country-specific fundamentals, which is usually much lower than that of sovereign spreads.
where the groups of countries � = 1��� � � � � � �; the number of periods � = �1� �� � � � � �; y is the explained variable, i.e. the average spreads computed from yields on government bonds for nine CEE countries relative to the average of the euro area government bond yields. X it is a � � × 1 vector of explanatory variables of fundamentals and � ��� are the � � × 1 coefficients vector and respectively C t is a � � × 1
where the groups of countries i = 1, 2, ..., N; the number of periods t = 1, 2, ..., N; y is the explained variable, i.e., the average spreads computed from yields on government bonds for nine CEE countries relative to the average of the euro area government bond yields. X it is a k 1 × 1 vector of explanatory variables of fundamentals and δ 1ij are the k 1 × 1 coefficients vector and respectively C t is a k 2 × 1 vector of explanatory common European Union variables and δ 2ij are the k 2 × 1 coefficient vectors. λ ij are scalars; coefficients μ i capture the fixed effects, which varies across CEE countries.
In the ARDL model estimated by Pesaran et al. (1999a) , the primary was determined by the optimum lag length of explanatory variables at country approach. The ARDL model can be re-parameterized by writing it in first differences as follows:
vector of explanatory common European Union variables and � ��� are the � � × 1 coefficient vectors. λ ij are scalars; coefficients � � capture the fixed effects, which varies across CEE countries.
In the ARDL model estimated by Pesaran et al. (1999a) According to Pesaran et al. (1999b) , for the simplest case of restrictions when � = 1 and � = 1, the completed model used for calculations can be rewrited as follows:
First of all in the estimation there were investigated the stationary of the variables. After the calculation of Dickey-Fuller unit root test applied to the residuals there were rejected the null hypothesis that data panel has the unit roots for each fundamental and common explanatory variable so coefficients are estimated consistently.
The error correction-based cointegration test for panel data developed by Westerlund (2008) accepted the null hypothesis of no cointegration relationship among analyzed variables. Finally, to assess the multicollinearity issue, the collinearity diagnostics measure was made to estimate how much variables are related to each other and how this affects the stability and variance of the PMG estimates (these Noted that φ i is the error correction coefficient or the speed of adjustment to equilibrium values, can differ across countries. The error correction coefficients have to be different from zero if exist the long-run relationship between variables, i.e. φ i ≠ 0 for all i.
Moreover, involving homogeneity restrictions in the long-run coefficients when γ 1i = γ 1 and γ 2i = γ 2 the equation can be transformed as follows:
In the ARDL model estimated by Pesaran et al. (1999a) According to Pesaran et al. (1999b) , for the simplest case of restrictions when � = 1 and � = 1, the completed model used for calculations can be rewrited as follows: According to Pesaran et al. (1999b) , for the simplest case of restrictions when p = 1 and q = 1, the completed model used for calculations can be rewritten as follows:
In the ARDL model estimated by Pesaran et al. (1999a) According to Pesaran et al. (1999b) , for the simplest case of restrictions when � = 1 and � = 1, the completed model used for calculations can be rewrited as follows: First of all, in the estimation, the stationary of the variables were investigated. After the calculation of Dickey-Fuller unit root test applied to the residuals there were rejected the null hypothesis that data panel has the unit roots for each fundamental and common explanatory variable, so coefficients are estimated consistently (p-value = 0,0197).
The error correction-based cointegration test for panel data developed by Westerlund (2008) accepted the null hypothesis of no cointegration relationship among analysed variables. Finally, to assess the multicollinearity issue, the collinearity diagnostics measure was made to estimate how much variables are related to each other and how this affects the stability and variance of the PMG estimates (these calculation results are given in the Appendix 3). Thus, the results of VIF's coefficient (less than 10) do not indicate signs of multicollinearity.
Moreover, the test for autocorrelation in panel-data models derived by Wooldridge (2002, 282-283) was executed and the calculation results rejected the existence of autocorrelation.
The results of Greene (2012), Maddala and Lahiri (2006) , Davidson and MacKinnon (1993) derived calculation methods that allow estimation in the presence of autocorrelation within panels and cross-sectional correlation and heteroskedasticity across panels, are presented in the Appendix 4.
Empirical results
The results of the short-run and long-run determinants given by the pooled mean group estimation for CEE countries is presented in Table 2 . The equation 5 is estimated on the whole sample for nine CEE countries to the period from January 2004 until December 2008. The given results are calculated for variables in first differences. Due to the results of the model calculation, the analysis of long-run determinants is realized as the common for all CEE countries and the short-run determinants are separated for individual countries.
The main features of long-run determinants of government bond spreads are that most of the significant parameters is concerned to market variables like the euro area equity volatility (VIX) and market liquidity measure as both reflected by the significant positive coefficients, as well as debt burden expressed by debt-to-GDP ratio (the significant positive coefficient), country's trade openness parameter (positive coefficient) and the ratio between the outstanding amount of general government interest payments on public debt and GDP (negative coefficient). As noted, the long-run relationships would be applicable if the error correction coefficients are different from zero for each country. The error correction value for Czech Republic, Hungary, and Latvia is below -0.1 and indicates that at constant long-run coefficients on independent variables government bond spreads would be relatively less affected in the long-run by changes determinants than in the short-run. However, error correction coefficients for Bulgaria, Lithuania, Poland, Romania, Slovakia, and Slovenia are higher than the specified level.
In the analysis of short-run determinants the trade openness turns out to be one of the key factors in understanding bond spreads. The tendency that the higher is trade integration, the lower is risk premium is significant for all analysed countries except Poland (significance occurs with positive sign) and Slovakia. This implication indicates that consolidation of market trade has assisted with facilitating the access to finance on the government bond markets for CEE economies. Moreover, the high degree of openness tends to reduce bond spreads because developed close trade relations and expected trade surpluses ensure the reliability of the issuer of debt. In the case of Poland, the positive coefficient suggesting that the ability to participate as the equivalent trade partner and higher accession to capital flows reinforces sovereign risk. error correction -0,482 *** -0,053 *** -0,048 *** -0,064 *** -0,256 *** -0,361 *** -0,274 *** -0,233 ** -0,202 ** Note: *** indicates significance at 1%, ** indicates significance at 5% and * indicates significance at 10% a the ratio between the outstanding amount of general government interest payments on public debt and GDP
Source: author's calculations
Another important variable, though more country-specific in its significance, is the inflation rate. A more pronounced increase could indicate a larger widening of spreads in Latvia, Lithuania, Poland, and Slovakia and it also carries significance in most of the other countries. Furthermore, the positive coefficient for Poland, Slovakia, and Bulgaria could be explained by the fact that financial markets pay attention to convergence criteria related to the inflation target and the monetary policy stance accordingly of the central bank as very important determinants for government bond spreads (more detailed see in Alexopoulou et al .(2009)) .
Moreover, there is a strong confirmation that bond spreads are influenced by improvements in real convergence, which explains aspects of the transitory dynamics of the spreads for Poland, Slovenia, and Bulgaria, and are statistically significant at the 10% level for Czech Republic and Hungary.
Other country-specific indicators related to the fiscal variables play a conditionally influential role in explaining government bond spreads. More precisely, the government debt-to-GDP ratio has a positive significant sign for Bulgaria and Latvia, the fiscal balance-to-GDP ratio is significant with a negative sign for Poland and to a lower extent for Bulgaria. Additionally, the ratio between the outstanding amount of general government interest payments on public debt and GDP was an uninformative indicator explaining the dynamics of government bond spreads and is statistically significant at a 5% level only for Slovenia.
Furthermore, country fiscal fragility measure called fiscal space, as reflected in the ratio of debt-to-total tax revenues, plays an important role in driving the short-run dynamics of spreads. The coefficients are negative and significant for Czech Republic, Romania, Slovakia, and to a lesser extent, Hungary.
The common risk factor as captured by the volatility in the euro area equity market seems to have an important value in understanding bond spreads. Following the PMG results, the rise in the global risk aversion drives wider fluctuation of government bond spreads in CEE countries. The coefficient of VIX is negative and significant for Lithuania, Czech Republic, Latvia, and, to a lesser extent, for Hungary and Slovakia. These estimated negative coefficients contradict theoretically predicted impact on spreads (Table 2) . Alexopoulou et al.(2009) made the assumption that such tendencies of negative sign may have two different explanations. On one hand, it can be related to possible investors' discrimination regarding bonds issued by a particular country when some countries are assessed as more risky than others. On the other hand, the short-term feature along with the inconclusive impact in the long-run specification suggests the idea that particular countries' spreads may have a distinct resilience to common external factors in both the long and the short-run.
Comparison of Actual and Estimated Spreads
The portmanteau Q-test results for serial independence of estimated PMG model residuals performed up to 20 lags is presented in the Table 3 . The null hypothesis of no serial correlation up to 20th order in the disturbance process is accepted for all analysed nine CEE countries, implying that the residual series are serial independent in the context of the main explanatory model of spreads. To study the misalignment in the valuation of CEE sovereign debt, there is defined as the differences of actual and fitted spreads for each country, using the long-term coefficients received form the calculation of pool mean group estimation (see results in Table 2 ). This analysis helps to assess whether CEE bond prices were in line with their fundamentals over the analysis period and whether PMG predictions of misalignments synchronize with fluctuations in market conditions. According to Csonto (2014) , it is assumed in advance that misalignments have a negative sign in the risk-on periods, because bond spreads may be tighter than it would be proposed by fundamentals. On the other hand, risk-off periods may suppose more cases with positive misalignment associated with a more cautious investors' pricing behaviour. Another part of the estimated spreads analysis is focused on the task to identify whether country-specific or common factors have a greater influence on the substantial declines or increases of spreads and what is the distribution of this influence through time. The decomposition of changes is used in the spread because variation of residual can indicate either an increase in the absolute value of the residual (increase in misalignment), a decrease in the absolute value of the residual (correction in misalignment) or their combination. The main calculation principals of decomposition in changes of spread are given in the Table 4 (see figures in Appendix 5) and are based on principals of Csonto (2014) analysis. For instance, there is a meaningful difference if residual vary from a higher to a lower positive value that is related to the situation when the debt is undervalue or it become over-valuated when the residual changes the sign from positive to negative. For the analysis of the results, five main sub-periods are identified that represent changes in the data related to the actual market experience in the recent decade. Figure  2 plots the observed spreads and the fitted spreads resulting after the decomposition of changes in the residual.
• Pre-crisis period (till 2007) . During this period, market pricing behaviour differs across the countries i.e., Hungary, Poland and Romania have positive sign of misalignment that suggests a more cautious market pricing preferences. As the Figure  2 shows, the greater part of model-based spreads is explained by common factors than country-specific indicators. Moreover, for the remaining countries negative misalignment (residual) should indicate that bond spreads were tighter than would be proposed by fundamentals.
• From the beginning of crises in the middle of 2007 till late 2008. Since when the U.S.
economy had officially slipped into a recession in 2007, the negative misalignment decreases to the lowest point in 2008 for all analysed countries. This possibly indicates the reaction of financial markets either in response to observable factors, such as changes in sovereign risk among neighbouring countries, rapidly shrinking capital flows, worsening macroeconomic imbalances or due to unobservables, such as soaring global risk aversion during the crises period. The economy expansion tumbled and the CEE countries encountered difficulties in maintaining steady and necessary external flows of capital, as well as accumulated domestic imbalances in many countries. The model-based spreads doubled compared with the previous period, while the increase of misalignment changed the sign from positive to negative value that associated with increasing of creditworthiness undervaluation. Moreover, the
FIGURE 2. Pool Mean Group Estimation: Decomposition of Changes in the Residual
Source: author's calculations rise of spreads was driven by both country-specific and common factors, but the improvement of global factors was greater in this analysed period.
• From the beginning in 2009 till the 2011. Bulgaria, Czech Republic, Poland and Slovakia had consistent decline of misalignments. This is possibly reflecting the fact that investors positively assess the economics adjustments to changing market conditions. Moreover, positive residuals of Latvia, Lithuania, Romania and Hungary may imply the appreciation that markets were placing lower risk premiums on perceived top performers or save havens within the context of CEE countries. The increase of misalignment values moved from a negative to a positive value during this period and indicates the reduction in the undervaluation of CEE spreads. These corrections represented mostly the enhancement of global market sentiment, with some influence of improving fundamentals and lessen vulnerabilities. It is notable importance of misalignment is the highest through all analysed time.
• European debt crisis deepens over 2011. The majority of CEE countries once again had negative misalignments. This may indicate that particular countries were successfully decoupling from the other European countries, especially the necessity of bailouts among PIIG countries. Noted that in the middle of 2011, after several years of financial turmoil in the European debt market, the permanent bailout fund designed to replace the European Financial Stability Facility and the European Financial Stabilisation Mechanism was brought forward. The exceptional situation of misalignment is for Hungary and Slovenia that had positive residuals as well as increased market distrust. This feature of Hungary may be explained due to solvency problems. As a result, In November of 2011, Hungary made an official request for assistance from the IMF but negotiations have not been resolved due to the economic conditions attached to the loan.
• From 2012 till 2014, adaption to existing circumstances. The last defined period indicates substantial reduction of spreads across CEE countries as well as a slight increase of correction of the misalignment. Due to PMG results, such changes were almost entirely influenced by an improvement in common factors. In addition, these changes can be associated with reduced worries about the European debt crises in the international market. In September 2012, ECB launched an unlimited but sterilized bond-buying program (known as Outright Monetary Transactions) when the central bank offset bond purchases by taking money out of circulation to avoid increasing the money supply. Improvement in market sentiment can also be related to coherent discussions and solutions for Greece debt crises. As a result, during this period, spreads had almost fallen back to the levels seen in early 2007. The analysis of changes in PMG model based spreads indicates that the sign of misalignment diverges during the last decade but is more or less similar in particular market conditions. Moreover, the magnitudes of misalignments also vary among the results of bond spreads.
Conclusions
The results of the PMG calculation on the initial sample of nine CEE countries identify that the government debt-to-GDP ratio, the equity market volatility in the euro area as well as the amount of general government interest payments on public debt and GDP ratio and real convergence measure are the main long-run determinants of spreads. However, the corresponding importance of common European Union factor is much more important in the short-run.
Comparing to the analysed literature on bond spreads, the results of estimations confirm that global risk aversion, captured in this case by the volatility index, is the single most important explanatory factor in the short-run perspective. However, countries (such as Czech Republic or Slovakia) with more balanced economic policy, especially during risk-on periods, turn for lower sensitivity to changes in global risk aversion, i.e., this suggests the idea that common factors have a different influence on the CEE countries and this distinction depends on the quality of fundamentals. As shown, the analysis at the country level, especially during the crises period, Bulgaria, Latvia, Hungary and Romania were more implied by fundamentals due to considerable financial imbalances. Nevertheless, although macroeconomic factors are statistically significant, their explanatory power is very limited for the analysed period.
The comparative analysis of the actual and estimated spreads, expressed as the decomposition of changes in spreads, specifies that during the risk-on periods (when the increase of misalignment falls down) there is a tendency for increasing of creditworthiness undervaluation. Moreover, due to the improvement of common factors significance during these anxious years, misalignment tends to increase in magnitude and drive actual spreads. 
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